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STABILIZED HUMAN TISSUE PLASMINOGEN ACTIVATOR COMPOSITIONS 



The present invention is directed to pharmaceutical compositions 
containing the protein human tissue plasminogen activator (t-PA) and 
to methods for making and using such compositions. More particularly, 
this invention relates to such pharmaceutical compositions having 
increased stability and solubility characteristics for the t-PA 
component, and those affording ready lyophilizability, making possible 
the ability to create stable, lyophilized forms thereof for safe, 
effective therapeutic administration to human subjects. 



The instability of vascular plasminogen activator extracted 
from the vascular trees of human cadavers is described by Aoki, J. 
Biol. Chem. (Tokyo) , 75, 731 (1974). Aoki found that the activator 
was stabilized only by high sodium chloride concentrations, greater 
than about 0.5m. 

Binder, et al. J. Biol. Chem. 254 , 1998 (1979) describe the 
use of high salt and arginine containing buffers during a multi-step 
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purification procedure as essential to maintain the activity of 
vascular plasminogen activator derived from human cadaver perfusates. 
The purification steps where carried out in the presence of 0.3 to 
1.0M NaCl and 0.1M arginine. 

Radcliffe et al., Arch, of Biochem. & Biophy. 189 , 185 (1978) 
describe the separation of plasminogen activator from human plasma by 
chromotography on lysine-Sepharose. In one experiment, crude 
plasminogen activator from stabilized plasma was eluted from 
lysine-Sepharose using a gradient of 0M to 0.5M arginine in 0.6M NaCl. 

Human tissue plasminogen activator derived from natural 
tissue source is described by Collen et al. in European Patent 
Application Publication No. 041766, published December 16, 1981 based 
upon a first filing of June 11, 1980. The authors employed a 
purification scheme that affords tissue plasminogen activator at 
relatively high purity levels. Collen et al. studied the stability of 
preparations of their purified tissue plasminogen activator both in 
the liquid and lyophilized states, and found that the lyophilized 
forms were repeatedly unstable even when prepared from solutions 
containing 0.3M NaCl. 

In order that materials like tissue plasminogen activator be 
provided to health care personnel and patients, these materials must 
be prepared as pharmaceutical compositions. Such compositions must be 
stable for appropriate periods of time, must be acceptable in their 
own right for administration to humans, and must be readily manu- 
facturable. An example of such a composition would be a solution 
designed for parenteral administration. Although in many cases 
pharmaceutical solution formulations are provided in liquid form, 
appropriate for immediate use, such parenteral formulations may also 
be provided in frozen or in lyophilized form. In the former case, the 
composition must be thawed prior to use. Ihe latter form is often 
used to enhance the stability of the medicinal agent contained in the 
composition under a wider variety of storage conditions, as it is 
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recognized by those skilled in the art that lyophilized preparations 
are generally more stable than their liquid counterparts. Such 
lyophilized preparations are reconstituted prior to use by the 
addition of suitable pharmaceutically acceptable diluent(s), such as 
sterile water for injection or sterile physiological saline solution, 
and the like. • -• 



It is therefore desirable to be able to prepare stable 
compositions of human tissue plasminogen activator, particularly those 
in stable, lyophilized form. 

The present invention is based upon the discovery that the 
inclusion of arginine (as argininium ion) in a pharmaceutically 
acceptable composition of tissue plasminogen activator (t-PA) 
significantly increases the stability and solubility of t-PA, and 
further, together with a choice of suitable counterions, makes 
possible the preparation of stable, lyophilized forms thereof. The 
invention is thus directed to such compositions and to all associated 
equivalents and to means to effectively produce such compositions and 
equivalents. 

In general, the compositions may contain other components in 
amounts preferably not detracting from the preparation of stable, 
lyophilizable forms and in amounts suitable for effective, safe 
pharmaceutical administration. 

Suitable pH ranges for the preparation of the compositions hereof 
are from about 4 to about 9, preferably, as these compositions are 
designed for pharmaceuticals, in the physiological pH span, i.e., 
about neutral. In this pH range arginine exists primarily as a 
protonated cation with net charge +1, which can be termed "argininium 
ion". The terra "arginine" is used interchangeably herein with 
"argininium ion" because due to pH of system, "argininium ion" is an 
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equivalent description. To retain electrical neutrality, the 
argininium ion must be balanced by an equivalent amount of oppositely 
charged (i.e. negatively charged) ionic species, which can be termed 
"counterions". The combination of argininium ion, other cationic 
species, and the various counterions can be termed an "argininium 
ion-containing buffer system". Acceptable counterions include those 
that are pharmaceutically acceptable and additionally those that are 
capable of adjusting the apparent eutectic or collapse temperature of 
the composition such that the composition is particularly suited for 
ready lyophilization. Examples of such counterions are acetate, 
phosphate, citrate, succinate, sulfate, tartrate, malate, maleate, 
carbonate, and the like, as well as functional equivalents thereof. 
An example of a counterion that is not well suited is chloride ion. 

As stated above, the inventors have found that inclusion of 
arginine (as argininium ion) in pharmaceutical compositions of t-PA 
markedly increases the solubility and stability of the t-PA in these 
compositions. Arginine concentrations may range from about 0.02M to 
1M, preferably from about 0.05M to about 1.0M and more preferably from 
about 0.1M to about 0.5M in the administered solution, and/or, in the 
case of a lyophilized preparation, in the prelyophilization soluU n. 

Additionally, the improved compositions may optionally include one 
or more nonionic detergents, such as polysorbate 20 and polysorbate 80 
and the like, in amounts of about 0.001 to about 1 percent, in order 
to enhance further the stability of the t-PA. In addition, other 
pharmaceutically acceptable excipients well known to those skilled in 
the art may also form a part of such compositions. These can include, 
for example, various bulking agents, additional buffering agents, 
chelating agents, antioxidants, preservatives, cosolvents, and the 
like; specific examples of these could include mannitol, tromethamine 
salts ("Tris buffer"), disodiura edetate, gelatin, human serum albumin 
or other polypeptides, various small peptides such as glycylglycine, 
and so forth. 
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The t-PA compositions of the present invention surprisingly do not 
require the use of high concentrations of sodium chloride, i.e., about 
0.3M or above. In fact, high concentrations of chloride ion are 
detrimental to the lyophilizability of these improved compositions. 
Although some amount of chloride ion is tolerated, low concentrations 
are preferred, e.g., less than about 0.3M and are preferably not 
greater than normal physiological levels i.e., about 0.12M NaCl. Most 
preferably, chloride ion is excluded from the composition. 

A "pharmaceutically effective amount" of t-PA refers to that 
amount which provides therapeutic effect in various administration 
regimens. The compositions hereof may be prepared containing amounts 
of t-PA at least about 0.1 mg/ml, upwards of about 50 mg/ml, 
preferably from about 0.4 mg/ml to about 5 mg/ml. For use of these 
compositions in administration to human patients suffering from 
myocardial infarctions, for example, these compositions may contain 
from about 0.4 mg/ml to about 3 mg/fol t-PA, corresponding to the 
currently contemplated dosage rate for such treatment. 

The compositions hereof including lyophilized forms, are prepared 
in general by compounding the components using generally available 
pharmaceutical compounding techniques, known per se. Likewise, 
standard lyophilization procedures and equipment well-known in the art 
are employed. A particular method for preparing a pharmaceutical 
composition of t-PA hereof comprises employing purified (according to 
any standard protein purification scheme) t-PA in any one of several 
known buffer exchange methods, such as gel filtration. This preferred 
method was used to isolate and purify the t-PA used as starting 
material in the stability and solubility studies which follow. The 
t-PA used in the preferred method was obtained from recombinantly 
altered Chinese Hamster Ovary Cells (CHO cells) capable of expressing 
t-PA as a secreted product in the CHO cell culture medium. 
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Applicants have discovered the demonstrative effect that 
pharmaceutical compositions of t-PA have significantly stabilized 
biological activity when argininium ion containing buffer is a 
component and that such formulations do not require sodium chloride 
for stability, although salt concentrations lower than 0.3M may be 
employed. In a preferred embodiment, the chloride ion concentration 
is 0.1M or less. In the neutral pH range, e.g., about pH 6 to 8, the 
solubility of t-PA is increased by presence of argininium ion such 
that it is subject to formulation in relatively high concentrations, 
even without the presence of what the art has regarded as necessary, 
high stabilizing amounts of salt. 

As used herein, the terms "human tissue plasminogen activator", 
"human t-PA" or "t-PA" denotes human extrinsic (tissue type) 
plasminogen activator, produced, for example, from natural source 
extraction and purification (see Collen et al. f supra . ), and by 
recombinant cell culture systems as described herein. Its sequence 
and characteristics are set forth, for example, in European Patent 
Application Publn. No. 93619, (published 9 November 1983) based upon a 
first filing on 5 May 1982, incorporated herein by reference. See 
also European Patent Application Publication No. 41766 (published 16 
December 1981) based upon a first filing of 11 June 80 and Pdjken et 
al. Journal of Biol. Chem. 256 , 7035 (1981), also incorporated herein 
by reference. The terms likewise cover biologically active human 
tissue plasminogen activator equivalents, differing in one or more 
amino acid(s) in the overall sequence, or in glycosylation patterns, 
-which are thought to be dependent on the specific culture conditions 
used and the nature of the host from which the tissue plasminogen 
activator is obtained. 

A. Figures 

Figure 1 depicts the stability of t-PA in various formulations. 
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Figure 2 depicts the effect of arginine concentration on the 
solubility of t-PA. 

Figure 3 depicts the solubility limits of t-PA in various 
concentrations of argininium phosphate buffers at pH6, 4°C. 

B. Lyophilization 

Lyophilization, or f reeze-drying, of the composition is carried 
out using procedures and equipment well-known to those skilled in the 
art. Typically, a composition is first frozen to a temperature below 
its apparent eutectic or collapse temperature. Vacuum is then 
applied, and heat applied to the lyophilizer shelves, in order to 
drive off the ice by sublimation, with shelf temperature and chamber 
pressure adjusted such that the temperature of the frozen mass remains 
below the apparent eutectic or collapse temperature until essentially 
all the ice is removed. Following this "primary drying" phase, the 
shelf temperature may be raised further (with or without a change in 
chamber pressure) and residual moisture in the freeze-dried cake is 
driven off. 

C. S-2286 Assay 

A synthetic peptide substrate, S-228B (H-D-Ile-Pro-Arg-p- 
nitroanilide-2HCl) is hydrolyzed by t-PA forming colored 
p-nitroaniline and tripeptide. The maximum differential absorbance 
between substrate and product (p-nitroaniline) occurs at 405 nm. 
Production of p-nitroaniline is monitored spectrophotometrically by 
following absorbance at 405 nm as a function of time. The resulting 
slope of absorbance versus time is proportional to t-PA activity. 
This assay is run at 37 + 0.2°C. 

For this assay, 20-100 microliters of a given t-PA sample was 
added to a 1.2mL reaction mixture containing 0.33mM S-2288, 0.067M 
Tris buffer (pH7.4), 0.07M NaCl and incubated at 37°C for 10 minutes. 
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The change in absorbance was monitored for 1 minute and the activity 
was calculated from the absorbance at 405nm using the following 
equation, standardized by the manufacturer: 

Activity (IU; International units) - 6QD x 793.65 (dilution factor) 

time of incubation x sample volume 

D. Examples 
Example 1 . 

Purified t-PA was diluted to give a final concentration of 0.2 
mg/tal, aliguoted and dialyzed against the buffers shown in Table 1. 

TABLE 1 

Dialysis Buffer containing Dialysis Concentration 

0.01% Polysorbate 80 NaCl Arginine 

(as hydrochloride) 

1. 0.01H Sodium Phosphate pri57 - - 

2. 0.01M Sodium Phosphate pH6, 0.12M 0.2H 

3. 0.01M Sodium Phosphate pH6, - 0.2M 

4. 0.01M Sodivim Acetate pH5, 

5. 0.01M Sodium Acetate pH5, 0.12M 0.2M 

6. 0.01M Sodium Acetate pH5, 0.2M 

After dialysis, the samples were centrifuged and the supernatant 
lyophilized in 1ml aliquotes. Lyophilized samples were reconstituted 
with water and assayed for t-PA activity in the S-2288 assay. Each 
reconstituted sample was thereafter placed at 37 °C and assayed at 
various times. 

The results of this experiment are shown in Figure 1. As can be 
seen, those systems not containing arginine do not prevent the loss of 
t-PA activity with time. t-PA activity in those samples containing 
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0.2M arginine, or 0.2m arginine plus physiological amounts of 
chloride, retain almost all of the initial t-PA activity after 
incubation for 4 days at 37 °C. These results demonstrate that 0.2m 
arginine with or without NaCl significantly stabilizes t-PA. 

Example 2 . 

The stability of t-PA as a function of arginine concentration was 
determined by measuring the rate of loss of t-PA activity at various 
temperatures. 

Formulation: 1. 0.355 mgs/ml t-PA 

0.05M Na phosphate pH6.2 

0.05M Arginine as the hydrochloride 

2. 0.498 mgs/tal t-PA 

0.03M Na phosphate pH6.2 

0.2M Arginine as the hydrochloride 

0.5ml aliquots of solution with the above formulations were 
aseptically filled into 2nd glass vials and sealed. The vials were 
placed at 25°, 37°, 45°C. Two vials of each solution were sampled at 
0, 20, 55, and 160 days; and t-PA activity was measured using the 
S2288 assay. The natural log of the % remaining activity was plotted 
versus time (days) for each temperature, from which the rate constant 
was calculated using linear regression analysis. 



The rate constants (k) for loss of t-PA stability at two different 
arginine concentrations and at various temperatures are shown in Table 

TABLE 2 

Effect of Arginine on t-PA Stability 

k (day -1 ) 

Arginine 25°C 37°C 45°C 

Formulation 

05M ~ — — 

NaPhosphate, pH6.2 0.05M 0,00137 0.0102 0.0167 

0.03M 

NaPhosphate, pH6.2 0.20M 0.00043 0.00569 0.01272 
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As can be seen, 0.2M arginine produces rate constants which are 
smaller than those obtained in 0.05M arginine at each of the indicated 
temperatures indicating that an increase in arginine concentration 
increases the stability of t-PA. 

Example 3 . 

The stability of t-PA is also dependent upon the concentration of 
non-ionic surfactants. The data are in Table 3. 

t-PA was precipitated by dialysis versus 0.0B1 Ka succinate buffer 
at pH6.0. The t-PA precipitate was collected from the dialyzed sample 
by centrifugation. This precipitate was redissolved in the 
formulation below containing varying concentrations of polysorbate .80. 

Formulation: 0.2M Arginine as the hydrochloride 
0.02M Na phosphate pH7.2 
Polysorbate 80 (0.0005 to 0.10 percent) 

The solutions were aseptically filled into vials and placed at 35°C 
and 40°C. Two vials were sampled at each time point and enzymatic 
activity was assayed using the S2288 assay. 

The rate constants were calculated by linear regression analyses 
of the lOg (t-PA activity) versus time curve for each temperature, and 
are shown in Table 3. 
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TABLE 3 



Effect of Polysorbate 80 on t-PA Stability 



Polysorbate 80 
% 



k (day ) 



35°C 



40°C 



0.0005 

0.005 

0.01 

0.025 

0.05 

0.10 



.0055 
.0049 
.0043 
.0040 
.0041 
.0037 



.0106 
.0091 
.0088 
.0081 
.0077 
.0075 



This table demonstrates that as the concentration of polysorbate 
80 is increased the rate constant (k) decreases. This indicates that 
more stability is achieved with more polysorbate 80. 



t-PA solutions were prepared by dialysis of purified t-PA versus 
the agininiura phosphate formulation buffer below, followed by dilution 
with further buffer to the desired final concentration of t-PA. 

Formulation buffer: 



Aliguots of each preparation were aseptically filled into 5 or 
lOmL vials, lyophilized and sealed. Vials were placed at several 
temperatures. Two vials per formulation were sampled at each time 
point and t-PA activity determined by the S22B8 assay. The results 
are in Table 4. 



Example 4 . 



0.20M Arginine 

0.18H Phosphoric acid 

0.01% Polysorbate 80 



pH6 
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TABLE 4 

Stability of t-PA in Lyophilized Formulation 

% Remaining (mean of 2 assays 
t-PA # Time + standard deviation) 

(mg/ml) pH (mo) 5°C 25 C C " 30 e C 35"C 40 B C 

1.0 6.0 2.0 102.5+0.0 103.3+2.5 102.6+3.0 

2.0 6.0 2.0 111.3+0.7 111.1+0.1 — 114.6+2.2 

5.0 6.0 2.0 112.0+0.3 112.7+0.6 — 112.3+1.4 

1.0 6.0 3.5 98.2+1.3 96.0+1.7 97.7±00.1 

* Concentration of t-PA in 
solution prior to lyophilization 

This data demonstrates that t-PA is stable in the lyophilized 
form. 

Example 5 . 

A solution containing t-PA at approximately 0.3 to 0.5 mg/tal was 
dialysed against lOmM sodium phosphate, pH 7.5, 0.01% polysorbate 80 
containing various concentrations of arginine as the hydrochloride. 
Insoluble material was removed by centrifugation for 2 minutes in an 
Eppendorf microfuge. The amount of t-PA which remained in solution 
was assayed in the S-2288 assay. Results are shown in Figure 2. 

As little as 50mM arginine significantly increases the solubility 
of t-PA. (The smaller increase in apparent solubility at higher 
arginine concentrations is an artifact, due to the fact that the 
original concentration of t-PA in the starting material was only 0.3 
to 0.5 mg/ml and thus a iimiting solubility was never reached.) 

Example 6. 

t-PA was precipitated by dialysis versus 0.001M sodium succinate 
buffer at pH6. The resulting precipitate was isolated by 
centrifugation, then a measured amount of this material was 
equilibrated in 1ml of the desired buffer system for 20 hours at 5°C 
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with agitation. The buffer systems studied were prepared by titration 
of arginine with phosphoric acid to produce an argininium phosphate 
system at pH6.0. Stock solutions were diluted with water to obtain 
final buffer solutions containing 0.10 to 0.20H arginine (as 
5 argininium ion). Following eguilibation with the desired buffer 

system, the resulting t-PA preparation was centrifuged to remove any 
nonsoluble material, then the supernatants were assayed for soluble 
t-PA via the S2288 assay. 

10 Results are shown in Figure 3. If the t-PA is fully soluble at 

the concentration of t-PA originally added, then the concentration of 
soluble t-PA should be the same as that added. Conversely, if the 
t-PA is not fully soluble at the concentration originally added, then 
the concentration of soluble t-PA will be less than that added. 

15 Figure 3 shows that t-PA is soluble in lOOmM arginine phosphate pH6.0 
up to about 2 mg/tal, and that at higher argininine phosphate 
concentration the solubility is markedly enhanced. In particular, at 
2Q0raM arginine phosphate pH6.0 the t-PA is still fully soluble even at 
about 54 mg/nl, and clearly the limiting solubility is considerably 

2Q higher than this. 

Example 7 . 

The argininium phosphate system below was prepared as a 
25 prelyophilization solution. 

Prelyophilization Solution 

rog/frtl 

30 t-PA 2.5 

L-arginine 87.1 
Phosphoric Acid 26.8 
Polysorbate 80 0.1 
pH7.2 

35 
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Following sterile filtration, approximately 20ml aliquots were 
filled in 50cc vials. Lyophilization was then carried out as follows: 

a) The vials were placed into the lyophilizer and frozen at 
-50°C {shelf temperature ) under ambient pressure for 10 
hours. 

b) Vacuum was applied (chamber pressure of 100 /m Hg) and the 
shelf temperature raised at 10°/hr. to +7°C, then held at 
that temperature for 41 hours. 

c) The shelf temperature was then raised to +35°C and the 
chamber pressure lowered to 50/um, and the system held in this 
state for 14 hours. 

The vials were then stoppered, the pressure allowed to return to 
ambient, and the vials removed from the lyophilizer. 



Example 8 . 

The effect of sodium chloride on the quality of lyophilized 
arginine phosphate cakes was investigated. Samples of 0.8M arginine 
(pH 7) and 0.2H arginine (pH 6) as the phosphate salts were prepared 
to include concentrations of sodium chloride ranging from 0.01 to 500 
mM. 2mL aliquots of each solution were placed into lOcc vials and 
lyophilized using the following cycle: 

Lyophilization Shelf Temperature Chamber Pressure Time 
Step (Degrees Centigrade) (Microns) (Hours) 

Freezing -45 Ambient 10 

Primary Drying Increase at 20°/hr 50 24 
to -35°, then 3°/hr 
to +35° 

Secondary Drying +35 40 26 
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The quality of the resulting cakes are given in Table 5. The data 
show the formation of pharmaceutical!/ acceptable cakes only with 
those compositions containing low levels of sodium chloride and that 
the tolerated low level of sodium chloride is dependent on the 
arginine concentration. 



L007.65 



Ai 



0228862 



P 

ro tu 
u 

10 3 

x p 
p to 



0! 


rH 


o 




0) 










c 


ro 


c c 




P 










■rl 


tH 


0 




-H 


c 








c 


X) 






x in 


-H 








-H 


•rH 


E 6 




? «o 










cn 


c 


H O 




-rl 


10 






H 


u 


H 


-rl p 




O > 


(0 






ro tu 


< 




IW P 




P 


(0 


c 


c 


C Di 




to 


O 




c 


e 


u a) 


u tu 


o to 


S 


(0 






t*o s 






0) -V 


■lJ--iy 






to 




to o 


tu 


x c 


x c 


£ 4J C 


■ 


0) 


CO rH 


<u 


in w -u 


P rH 


P 3 


P 3 


Cn-H -H 


o 


e 


ro ro 




ffl 10 -P 


•H 10 


Vl u 


u vi 


■rlt) H 




to 


rH -H 


(0 


r-i ro o 


JC -H 


3 X 


3 x 






w 


o > 


u 


O 6 X! 


£ > 


En 10 


fa to 


w ro to 



c 
o 



IN tU 

Vl 

<U 
4J 
IP 

< « 



;>■ 

P 

-rl 

rH 
<0 
3 
&1 

tU 

ra 
u 





rH 


H 




to 


10 


c 


■H 


•rl 


-H 


P 


P 


c: 


-rl 


-H 


•H 


c 


c 


cn 


M 


H 


P 






< 


w 


CO 




10 


Q 








co 


tu 


tU 


• 


e 


g 


o 


to 


10 




w 


w 



vi 



H 
(0 
•H 
P 
•H 
C 
M 



C 

tu 
J* 
c 
o 

vi tu 
x 

to to 
o 

vj o 
to a 

rH 

c to 

<0 10 
u to 
U E 



>1 

tu to tu 

^ to u 

to 10 c 

Cn vi 
tu 10 
p x tu 

ft 

x-w a 
S S to 





c 


o 








tu 




cn 


c 


c tu 


c 


-H 


3 


-H 


c 


P t0 


~-P 


■rl 


x u 


tU 10 


C" 


to 


Jit tu tu 


P 


o 


10 E t> 


< 


- c 


O -H 




>( 


-P 03 




10 •» 


tu x 


CO 


to to 


+J Cn tU 


« 


to to 


•H -rl 


o 


rH t0 


X rH 10 




o e 


S w U 



rH 


H 


H 


H 


H 


ro 


10 


10 


10 


10 


■H 


•H 


•H 


-H 


•H 


-U 


P 


P 


x> 


P 


■H 


•rl 


-rl 


-r) 


•rl 


n 


c 


c 


c 


c 


H 


H 


H 


H 


W 


W 


to 


10 


to 


to 


ro 


10 


10 


10 


ro 


tu 


tu 


0) 


<U 


0) 


E 


E 


E 


g 


g 


ro 


ro 


10 


to 


ro 


CO 


to 


CO 




CO 



>1 
a> to tu 
.si w O 
ro ro c 

U rH to 

cn vi 
tu to 
p x a> 

•H4J ft 
X-H £1 

S ? ro 



c 








tu 










>1 


5^ 


>1 


c 


Vl 


vi 


14 


D 


tu 


tu 


tu 


u 


> c 


> c 


> c 


X! 


tu 


tu 


tu 


to 


•» 


— 




tu 


tu c 


a> c 


tu c 


X 






a; p 


ro u 


ro VI 


ro u 


« M 


O D 


0 X 


o X 


O X 


E 


to 


w 


10 


0) 


<u 


tu 


tu 


■P >. 


P X 


•P X 


P X 


•rl U 


■H 0 


•H CJ 


■rl U 


X <U 


X D 


X D 


X D 


K > 


15 E 


S E 


S E 



C 


C 


n 


c 


c 


tu 


tu 


t>~. <u 


>i tu 


>i tu 




^ 


vi 


VI -M 


Vl J>£ 


c 


c 


tu c 


tu c 


<u c 


3 


zs 


> 3 


> 3 


> 3 


tO VI 


u 


u 


VI 


VI 


... Q) X 


■-X 


-X 


-X 


-X 


0) to 


cu to 


tu to 


a> to 


tu to 


a: T3 


M 






a 


ro tu >i 


10 >i 


ro >i 


10 >i 


ro >i 


U H 


U rH 


0 rH 


U rH 


O rH 




p 


4J 


P 


p 


tu 10 X 


(U X 


tu X 


tu X 


tu X 


p to cn 


P Cn 


P rji 


p cn 


P cn 


-rl 10 -H 


•H -rl 


•rl -rl 


•rl -H 


•rl -H 


X rH rH 


X H 


X rH 


X rH 


X rH 


S cn to 


^ to 


3: to 


is to 


3: to 



I 

H 
I 



o 








"0 








•H 








VI 








O 








rH 








X 








u 








E 


E 






3 








-H 








-o 




o 


o 


o 




o 


o 






in 


H 



o 
in 



o 

H 



CO 
ro 



-17- 



0228862 



It will occur to those ordinarily skilled in the art that various 
modifications may be made to the disclosed embodiments and that such 
modifications are intended to be within the scope of the present 
invention. 
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CLAIMS 

1. A pharmaceutical composition comprising a pharmaceuti- 
cal^ effective amount of human tissue plasminogen activator 
and a pharmaceutical^ acceptable argininium ion containing 
buffer, said composition having a chloride ion concentration 
of less than about 0.3M. 

2. A frozen composition according to claim 1. 

3. A composition according to claim 2 that is converted to 
lyophilized form. 

4. A freeze-dried composition that results from lyophiliza- 
tion of a frozen composition according to claim 2. 

5. A composition according to claim 3 or claim 4 wherein 
said lyophilized form is reconstituted. 

6. A composition according to any one of the preceding 
claims wherein said argininium buffer is other than 
argininium chloride. 

7. A composition according to any one of the preceding 
claims wherein said buffer is provided by argininium ion and 
a counterion capable of adjusting the collapse temperature 
of the composition to a readily lyophilizable state. 

8. A composition according to claim 7 wherein said counter- 
ion is selected from citrate, phosphate, tartrate, sulfate, 
malate, maleate and succinate. 

9. A composition according to claim 7 wherein said counter- 
ion is selected from citrate and phosphate. 
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10. A composition according to claim 7 wherein said counter- 
ion is phosphate. 

11. A composition according to any one of the preceding 
claims wherein said human tissue plasminogen activator has a 
concentration of at least about 0.1 mg/ml and said 
argininium ion has a concentration of about 0.05 to about 
1.0M. 

12. A composition according to claim 11 wherein said human 
tissue plasminogen activator has a concentration of at least 
about 0.4 to about 5.0 mg/ml and said argininium ion has a 
concentration of about 0.1 to about 0.5M. 

13. A composition according to any one of the preceding 
claims having a pH of approximately from about 4 to about 9. 

14. A composition according to any one of the preceding 
claims wherein said composition is diluted with a pharma- 
ceutically acceptable diluent. 

15. A composition according to any one of the preceding 
claims wherein said composition contains a non-ionic deter- 
gent comprising about 0.001 to 1% of said composition. 

16. A method for the preparation of the composition of any 
one of the preceding claims comprising the steps of 
compounding said t-PA and argininium ion containing buffer. 

17. A method further to claim 16 comprising lyophilizing 
said composition. 
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CLAIMS 

1. A method for the preparation of a pharmaceutical compo- 
sition, which comprises compounding a pharmaceutically 
effective amount of human tissue plasminogen activator and a 
pharmaceutically acceptable argininium ion containing 
buffer, said composition having a chloride ion concentration 
of less than about 0.3M. 

2. A method according to claim 1 wherein the composition is 
frozen. 

3. A method according to claim 2 wherein the composition is 
converted to lyophilized form. 

4. A method according to claim 3 wherein said lyophilized 
form is reconstituted. 

5. A method according to any one of the preceding claims 
wherein said argininium buffer is other than argininium 
chloride. 

6. A method according to any one of the preceding claims 
wherein said buffer is provided by argininium ion and a 
counter ion capable of adjusting the collapse temperature of 
the composition to a readily lyophilizable state. 

7. A method according to claim 6 wherein said counterion is 
selected from citrate, phosphate, tartrate, sulfate, malate, 
maleate and succinate. 

8. A method according to claim 6 wherein said counterion is 
selected from citrate and phosphate. 

9. A method according to claim 6 wherein said counterion is 
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phosphate. 

10. A method according to any one of the preceding claims 
wherein said human tissue plasminogen activator has a con- 
centration of at least about 0.1 mg/ml and said argininium 
ion has a concentration of about 0.05 to about 1.0M. 

11. A method according to claim 10 wherein said human tissue 
plasminogen activator has a concentration of at least about 
0.4 to about 5.0 mg/ml and said argininium ion has a concen- 
tration of about 0.1 to about 0.5M. 

12. A method according to any one of the preceding claims 
wherein the composition has a pH of approximately from about 
4 to about 9. 

13. A method according to any one of the preceding claims 
wherein said composition is diluted with a pharmaceutical^ 
acceptable diluent. 

14. A method according to any one of the preceding claims 
wherein said composition contains a non-ionic detergent 
comprising about 0.001 to 1% of said composition. 
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